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PHEOCHROMOCYTOMA*
DANIEL B. ARST, WILLIAM J. LAHEY, AND PAUL KUNKEL
In recent years, pheochromocytoma has been found to occur much more
frequently than was previously suspected, and the importance of early
recognition of this tumor has been stressed by numerous authors. 1' This
report of two cases of pheochromocytoma presents interesting clinical ob-
servations with particular reference to physiological and pharmacological
factors.
CASE REPORTS
Case X1. R. T., a 24-year-old white male, was admitted February 11, 1947 because
of visual disturbances. He had had no serious illnesses in the past. At no time was
hypertension noted until his discharge from the service in October, 1945, when the
patient was told that his blood pressure was "a little high."
He consulted a physician on two occasions for minor illnesses in 1946, and on both
occasions the blood pressure was elevated to "around 185." Eight months prior to
admission the patient noted the onset of a dull frontal headache, which occurred in
the morning on arising and after exercise and was relieved by aspirin. Ten days prior
to admission, the patient noticed sudden blurring of vision, followed three days later
by complete loss of vision in the right eye.
Physical examination on admission revealed marked changes in both fundi (old and
recent hemorrhages, extensive scarring with involvement of the right macula, arterio-
venous nicking, and bilateral papilledema), and a blood pressure of 180 mm. Hg
systolic and 118 mm. diastolic. The heart size was within normal limits.
Pertinent data are presented in Table 1. Intravenous pyelogram was normal. During
the first few days in the hospital, a new hemorrhage in the region of the left macula
appeared and was followed by increased papilledema and further loss of vision. In
view of the patient's rapidly progressive disease it was decided to explore the adrenal
areas, and, if no tumor were found, to perform a sympathectomy.
On the ninth hospital day the patient was operated upon. Shortly after removal of
the right ninth rib the patient developed pulmonary edema and the procedure was
discontinued. Despite supportive measures, his condition became progressively worse
and he died on the fourth postoperative day. Postoperatively, the blood pressure
remained at high levels, varying between 170/150 and 240/179 mm. Hg.
Autopsy revealed a tumor measuring 10 x 5 x 3 cm. and weighing 314 grams, lying
above and anterior to the upper pole of the right kidney. It was intimately adherent
to the inferior vena cava over an area approximately 4 cm. in length, in the center
of which was a large venous connection leading from the tumor. Grossly the mass
appeared to be composed of two types of tissue. Histologically, it had the characteristic
appearance of pheochromocytoma.
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Two samples of the tumor were analyzed.* One, weighing 299 mg., contained 64
micrograms per gram of a substance which appeared colorimetrically to be identical
with epinephrine. The other, weighing 229 mg., contained 140 micrograms per gram
of catechol compounds closely related to but not identical with epinephrine.
TABLE 1
PERTINENT DATA IN CASE 1 (R.T.) AND CASE 2 (G.L.).
G.L.
Patient R.T. Pre-op. Post-op.
Symptoms & Signs
Hypertension
Sustained + + +
Paroxysmal +




Eyeground changes Gr. IV Gr. I Gr. I
Cardiac enlargement - +
"Average" blood pressure 200/140 190/130 140/110
Laboratory data
Urine +, ++ alb. Occ. + alb.
Fasting blood sugar 139 mgm. % 156
I.V. Glucose tolerance Not done 160/205/130 75/85/80
(Fasting/l Hr./2 Hr.)
Basal metabolic rate Not done +42, +47, +37 -1, +4
EKG changes + + -
Functional tests
Sedation Neg. Neg. Neg.
Cold pressor Hyper. response Normal Normal
Postural changes 0/+ -/+ +/+
B.P./Pulse
Histamine Not done +
Benzodioxane Not done +
Dibenamine Not done +
Massage adrenal areas
Most postoperative data for G.L. were recorded shortly after operation. The sedation
test was unchanged at that time but became positive seven months after operation.
Discussion. This patient illustrates the importance of early recognition
of this entity and the ease with which it can be confused with-other types of
hypertension. The presence of hypertension in a young man should have
* We wish to think Dr. W. Raab of the University of Vermont College of Medicine
for the analysis. According to him, the specific amounts must be regarded with caution
in view of the time elapsed between obtaining the specimens and their receipt at his
laboratory.
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stimulated further search for a specific cause at the outset. A significant
number of cases will be missed if paroxysmal hypertension is considered
aprerequisite for diagnosis. The patient's reaction to the operative procedure
weighted the evidence in favor of a pheochromocytoma sufficiently to allow
the diagnosis to be made ante-mortem. In view of the newer knowledge
relative to epinephrine and arterenol (nor-epinephrine), it is possible that
the latter comprised a significant portion of the pressor amines found in
the tumor.
Case i2. G. L., a 32-year-old white male cook, entered this hospital on December 17,
1949 with complaints of headache, dizziness, and excessive perspiration. Symptoms
first occurred in 1945 following combat on Okinawa. The blood pressure was found
to be high and, after several months of hospitalization, he was discharged from the
service with a diagnosis of hypertension.
In July, 1946 he was treated at home with bed rest for nineteen weeks because of
fever and migratory polyarthritis, which was diagnosed as rheumatic fever. Later that
year his headache recurred, became more severe and was accompanied by dizziness.
He was hospitalized for two weeks and discharged with the diagnosis of essential
hypertension.
In the year prior to admission the patient continued to have episodes of severe
headache, dizziness, palpitation, and sweating. He also noted some shortness of breath
on exertion and a sense of increased warmth. He became increasingly irritable and
finally stopped work in April, 1949. Since the symptoms continued to progress despite
treatment, hospitalization was advised.
The past history was not remarkable. His mother had died of "high blood pressure."
The patient was married and the father of a young child. There were emotional diffi-
culties in his family situation, the nature of which could not be clarified.
On admission, the temperature was 990 F., the heart rate 100, the respiratory rate 16,
blood pressure 200 mm. Hg systolic and 154 mm. Hg diastolic. The patient was a well-
developed, well-nourished, white male, who appeared apprehensive, but presented no
overt evidence of acute or chronic illness. Physical examination was not remarkable
except for the hypertension, grade I hypertensive retinopathy, and evidence of
peripheral arteriosclerosis.
Pertinent data are presented in Table 1. Of particular interest are the persistently
elevated basal metabolic rate and a reduced glucose tolerance. Renal function studies
were normal. Electrocardiogram was within normal limits and the chest x-ray showed
slight left ventricular prominence. Intravenous and retrograde pyelograms showed a
persistent filling defect, interpreted as a cyst, in the upper pole of the left kidney.
The patient ran a low-grade fever and persistent hypertension during his preoperative
course. There were paroxysms of sweating, headache, palpitation, and dizziness, during
which the blood pressure rose to 250/160 mm. Hg. At all times the patient complained
of increased warmth and preferred to sleep near an open window.
Following the intravenous administration of 0.025 mg. of histamine phosphate, the
blood pressure rose from a resting level of 200/130 mm. Hg to 280/170 mm. Hg, and
the patient experienced symptoms similar to those which occurred during a spontaneous
paroxysm. The blood pressure remained elevated over a six-minute period and then
fell to pre-injection levels in approximately 25 minutes.
The preoperative benzodioxane and Dibenamine* tests are shown in Figures 1 and 2.
* Kindly supplied by Smith, Kline and French Laboratories.
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The studies strongly supported the diagnosis of a pheochromocytoma and operation
was planned. However, an abnormal electrocardiogram was noted on January 27,
1950 and on January 30 the patient complained of joint pains. These were never
severe, nor were there any objective changes. The temperature rose slightly and there
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FIG. 1. Case2. Tracings recorded with Sanborn electromanometer and Poly viso
Cardiette.
Pheochromocytoma: effect of intravenous administration of 20.0 mgm. piperoxane
hydrochloride.
Upper tracing-brachial artery pressure, lower tracing EKG, lead V4 a Injection
of piperoxane (over two-minute period) ; T-time in minutes from beginning of
injection; H.R-heart rate; B.P.-blood pressure.
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occasins wenh dvlopdproymlauiculartahyadia"LS whc re1 11sponded
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FIG. 2. Case 2. Preoperative Dibenamine test, (300 mgm. of Dibenamine HCI given
intravenously). Tracings recorded as in Figure 1. The blood pressure remained at
normotensive levels for five hours, thereafter gradually rising to reach its pre-test
levels about 12 hours after completion of the infusion.
Upper tracing-brachial artery pressure; lower tracing-EKG, lead V4; a-Di-
benamine started, constant I.V. drip;-b-Dibenamine stopped (60 minutes)-; T-
time in minutes from beginning of injection; H.R.-heart rate; B.P. blood pressure..
was a leukocytosis of 17,000 with a shift to the left on one occasion. During this
episode, frequent sedimentation rates were normal. Repeated antistreptolysin titres
were reported as less than 50 units. Serial electrocardiograms revealed marked ST-T
changes in leads from the left ventricle. The pattern did not permit an exact diagnosis.
During this period, the patient had no complaints referable to his heart, except on two
occasions when he developed paroxysmal auricular tachycardia which responded
readily to carotid sinus pressure. There were no other cardiac abnormalities, and
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roentgenograms of the chest showed no change in heart size. He was treated with
aspirin and bed rest and the symptoms disappeared in ten days. He was considered to
have acute rheumatic fever and operation was deferred.
On February 27, 1950, under endotracheal anesthesia, the abdomen was entered
through an inverted "U" incision.* The left kidney and adrenal area was explored
first, but nothing unusual, except for a peculiar lobulation of the kidney, was noted.
The right kidney was normal and easily mobilized. Above it a rounded mass was found,
with a very thin rim of adrenal tissue in its periphery. During manipulation and
subsequent removal of the mass, the blood pressure fluctuated markedly and was
HOUR I 2 3 4 5 617 8 9 10112
MINUTE 20 40 s0 60 100 120 140 1SO IO 200 220 240 260 260 300
SYSTOLIC~ 20
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FIG. 3. Case 2. Pheochromocytoma: operation, February 27, 1950.
Legend
1. Pentothal induction (350 mgm.) 8. Tumor removed
2. Cyclopropane-ether begun 9. Trendelenburg position
3. d-Tubocurarine (6.0 mgm.) 10. Operation finished
4. Operation begun 11. Eschatin (5.0 cc. I.V.)
5. Explore left adrenal 12. Lipo-adrenal extract (2.0 cc. I.M.)
6. Explore right adrenal 13. Returned to room
7. Vessels ligated 14. Shock blocks removed
controlled by injections of adrenolytic and pressor drugst (Fig. 3). The abdomen was
carefully explored for additional chromaffin bodies and none was found. Marked
arteriosclerotic changes in the abdominal vessels were noted.
The mass measured 7 x 2.5 x 2 cm. and weighed 89 grams. Histological examination
established the diagnosis of pheochromocytoma.
A 30-gram sample of the tumor was analyzed.: On bioassay it was found to contain
348 mg. of total pressor base, of which arterenol accounted for approximately 58% of
the total activity.
The postoperative course was not remarkable and the patient was discharged from
* The operation was performed by Drs. Alfred Hurwitz and Truett Frazier.
t The arterenol used in this study was furnished through the kindness of Winthrop-
Stearns, Inc.
:1:We are indebted to Drs. WVilliam T. Salter and Desmond D. Bonnycastle,
Department of Pharmacology, Yale University School of Medicine, for the analysis.
The assays were made utilizing several methods, with good agreement between the
results (Auerbach, M. E. and Angell, E.: The determination of arterenol in epine-
phrine. Science, 1949, 109, 537; Burn, J. H., Hutcheon, D. E., and Parker, R. H. 0.:
Estimation of adrenaline-noradrenaline mixtures. Brit. J. Pharm., 1950, 5, 142).PHEOCHROMOCYTOMA
the hospital on April 20, 1950, markedly improved, although the blood pressure had
not returned to normal levels. The electrocardiogram had returned to normal.
On examination four months later, the patient still complained of mild headache.
The blood pressure was found to be variable, but frequent normal values were
observed during the week that he remained in the hospital. A sedation test was now
positive, the blood pressure falling from a control level of 160/110 mm. Hg to 100/84
mm. Hg. There were no marked changes in the cold pressor and postural tests over
previous results. The histamine and benzodioxane tests were negative. On the morning
that the Dibenamine test was done, control blood pressure readings averaged 130/90
mm. Hg. Following the same dose of Dibenamine as had been given preoperatively,
there was no change in the systolic level and a slight rise in the diastolic.
Discussion. This patient again illustrates the importance of considering
pheochromocytoma in a young person with hypertension. Whereas the
blood pressure was consistently elevated, he was still subject to episodes
which were highly suggestive of paroxysmal rises. To be sure, these could
not be very well differentiated from anxiety attacks without objective
blood pressure measurements, since the patient presented many features
considered typical of an anxiety state.
In this instance a diagnosis of pheochromocytoma was made even though
the tumor was not localized preoperatively. The metabolic disturbances were
consistent with previously reported cases,2 16,18 and the response to hista-
mine, benzodioxane, and Dibenamine provided further confirmation.
The patient's intercurrent illness prior to operation is not entirely ex-
plained. It was consistent with rheumatic fever, particularly in view of the
history of a similar episode in 1946. Whether either or both of these ill-
nesses are attributable solely to the presence of a tumor with periodic
release of humoral substances is not known. The electrocardiographic
changes were not entirely characteristic of either pericarditis or myocarditis.
They may, perhaps, be explained by myocardial damage produced by large
amounts of circulating pressor substances. MacKeith' described ST-T
changes which persisted for eight weeks following an episode of paroxysmal
hypertension and thought they may have been the result of small myo-
cardial hemorrhages such as have been reported in patients dying after
paroxysms of hypertension.
Since the introduction of the adrenolytic and sympatholytic drugs, nu-
merous reports of their use as agents in the diagnosis of pheochromo-
cytoma have appeared.' 8, 6,11 Grimson and his co-workers7 were the first
to report the use of a short-acting adrenolytic drug (C 7337) during removal
of a benign pheochromocytoma. Others have used' or recommended2 the use
of the longer-acting Dibenamine in a similar fashion. We favored the use
of the shorter-acting benzodioxane during operation because of the danger
of the additive effect of Dibenamine during the period of hypotension that
usually follows removal of the tumor. Others7"" have expressed a similar
opinion.
The effects of epinephrine and arterenol are fairly well understood. It is
now known that the pressor response obtained with epinephrine is probably
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due to the presence of arterenol in the preparation. Epinephrine itself is
predominantly a vasodilator, whereas arterenol produces a marked increase
in peripheral resistance." '", In five normal subjects who were given
arterenol, we have noted a significant increase in systolic and diastolic
pressures during the infusion.
The effect of arterenol during the operation in this case is difficult to
assess owing to its use together with other drugs and additional measures.
Indeed it was found that the Trendelenburg position was quite effective in
maintaining the blood pressure at adequate levels some time after operation.
However, the initial blood pressure rise shortly after starting arterenol
and the fall when the drug was discontinued are most suggestive of a pressor
effect from the drug.
Although the patient's blood pressure was variable, frequent normal
values were obtained on his return to the hospital seven months after opera-
tion. Others4 13, 18 have reported delayed falls in blood pressure following
successful removal of pheochromocytoma. Goldenberg and Aranow' suggest
that sustained hypertension following removal of a pheochromocytoma may
be secondary to the prolonged presence of pressor substances in the blood
before operation, and may not require their continued presence for its
maintenance. They postulate that this may indicate that neither epinephrine
nor arterenol was circulating in excess of the other in such patients. Our
finding of an approximately equal proportion of these two amines in this
case is consistent with their observations.
Much has been written in regard to the specificity and reliability of the
various diagnostic tests for pheochromocytoma. It is now well known that
most of the drug tests can yield both false-negative and false-positive
results.' 28'14'' 1",8 Furthermore, serious reactions may occur with histamine
in patients with pheochromocytoma and with the benzodioxanes in cases of
essential hypertension. In patients with sustained hypertension it would ap-
pear reasonable, then, to use the histamine test as a screening procedure
where there is no evidence of pheochromocytoma. The benzodioxanes, on
the other hand, should be used when the presence of pheochromocytoma
seems probable.
To illustrate that even this rational approach is not foolproof, it is worth-
while mentioning that we have observed an alarming response to histamine
with an unmeasurably high blood pressure and pulmonary edema in a
patient who was later proved to have an adrenal cortical adenoma but no
pheochromocytoma.
Dibenamine has been used recently in the diagnosis of pheochromocytoma
and is thought by some to be specific.'" Investigation of this drug by
Nickerson and Goodman"2 and Hecht and Andersonl' seems to indicate that
Dibenamine will produce a sustained lowering of the blood pressure in those
patients with pheochromocytomas which contain large amounts of arterenol.
The side effects of Dibenamine can, to a large extent, be controlled by
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adjusting the rate of infusion, and we believe that the drug is worthy of
further trial. Haimovici and Medinets' reported marked blood pressure
reduction with the drug in patients with early or moderate essential hyper-
tension, but no significant lowering in patients in the malignant phase. A
recent report,"9 however, indicates that Dibenamine will effect significant
blood pressure lowering even in the latter group. Our experience with the
drug in a small number of hypertensive patients tends to confirm the
results of Haimovici and Medinets, but our series is, as yet, too small for
adequate evaluation. In five normal subjects, administration of arterenol
after premedication with Dibenamine failed to produce the blood pressure
elevations that had been noted with arterenol alone, even when the rate of
infusion was doubled or tripled.
Pitcairn and Youmans,"3 however, have concluded that Dibenamine will
not block uniformly the pressor action of arterenol. It is obvious that more
study of the various drugs is necessary before claims as to specificity can
be made. At the moment, we feel that Dibenamine cannot be considered
specific in pheochromocytoma.
Whereas no valid conclusion regarding the efficacy of arterenol during
operation can be drawn, it would appear, on theoretical grounds, at least,
that the drug is more useful than epinephrine in preventing peripheral
vascular collapse following removal of the pheochromocytoma from a patient
who had shown a marked response to Dibenamine preoperatively.
SUMMARY
1. Two cases of pheochromocytoma with assays of the tumors are
presented.
2. The r6le of various pharmacologic agents in the symptomatology,
diagnosis, and management is discussed.
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